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ABSTRACT. Recent indications of a neutrino mass raise the possibility that
the dark matter may be hot, which would be a severe challenge for structure
formation theory. We argue that generic defect theories fare very well in hot
dark matter cosmologies, and also work in the presence of curvature or a
cosmological constant. If this model is correct, then the MAP and PLANCK
missions will not measure what people expect them to (oscillations); rather,
they will measure a broad hump.
The traditional class of scale in-
variant defect models has severe
problems[1, 2]. They do not ex-
plain the rise in fluctuation am-
plitude at scales of a few degrees,
and the slope of the perturbations
is at conflict with the observed
matter power spectrum. We show
here that global topological de-
fects generically change behaviour
at the matter-radiation transition
at a cosmic age of 100000 years.
In this case, instead of being at
great discrepancy with the cos-
mic microwave background ra-
diation fluctuations, this model
in fact correctly explains several
hitherto mysterious phenomena.
Recent measurements have indi-
cated that neutrinos have mass,
and have opened up that the dark
matter may be massive neutri-
nos. If we accept that neutri-
nos have mass, we have the po-
tential consequence that neutri-
nos account for all the dark mass
in the universe. This simple sce-
nario is consistent with the sim-
plest massive neutrino extensions
of the standard particle physics
models[3], and challenges cosmol-
ogists to contemplate its implica-
tions for structure formation. The
scale invariant adiabatic model
predicted by inflation is not con-
sistent if massive neutrinos ac-
count for the bulk of gravitat-
ing matter. We will show that
generic defect models would now
become the best physically based
model of structure formation. The
most recent supernovae search[4,
5], concordance arguments[6] and
direct angular diameter distance
measurements[7] have suggested
that the universe is filled with a
cosmological constant. This fur-
ther challenges hot dark matter
(HDM) structure formation mod-
els, but will turn out to be simple
to reconcile in defect models.
Let us now address the dynam-
ics of global defects at matter-
radiation equality. In modern
particle physics, all interactions
which are not forbidden actu-
ally occur. On this ground, one
generically expects couplings be-
tween gravity and other quan-
tum fields which are stronger than
just minimal coupling to the space
time curvature. Global fields ex-
perience couplings of the form
ǫφ†1φ2R, where ǫ is a dimension-
less coupling constant of order
unity, and R is the scalar cur-
vature. Einstein equations relate
R = T = ρ − 3p. In the radiation
epoch of the universe, R = 0, so
the coupling has no dynamical ef-
fect. But when the universe enters
matter domination, this coupling
will generally modify the symme-
try which gave rise to the defects,
and they can change their dynam-
ics. During the onset of change,
the vacuum energy contributed by
the new coupling will boost the
power on the largest scales, mak-
ing the power spectrum consistent
with the observed excess of large
scale power.
1
2These defect models have two
free parameters. One is the sym-
metry breaking scale φ0, and the
second is its coupling to the Rie-
mann scalar ǫ. From the velocity
dispersion in clusters of galaxies
we expect φ0/mplanck ∼ v
2/c2 ∼
10−5, which would also be re-
lated to the COBE fluctuations.
This energy scale suggests that
the defect would be relicts of the
breaking of the Grand-Unified-
Theory in the early universe. A
predictive property of this model
is the non-Gaussianity of fluctu-
ations. The strongest constraints
arises from the statistics of rich
clusters[9]. Several clusters with
temperatures above 12 keV have
been found[10], and a recent clus-
ter with a temperature of 17
keV[11] has been discovered. The
existence of these very hot clus-
ters is becoming an enigma for
any Gaussian cosmological model.
In non-Gaussian defect models,
one would expect a larger propor-
tion of high temperature clusters
relative to low temperature ones.
The recent Las Campanas galaxy
survey discovered features in the
two dimensional galaxy power
spectrum which is inconsistent
with Gaussianity[12]. Such signs
of non-Gaussianity are generically
predicted in these defect models.
Several qualititive phenomena
may happen due to the non-
minimal coupling. Because the
field interactions are different in
the radiation and matter epochs,
the defect energy density could
be larger in the radiation epoch,
which would solve the large scale
structure problems of scaling de-
fects. The hot dark matter ex-
periences some damping out of
small scale power, thus relieving
the problem of excess fluctuations
on small scales. Unlike the adia-
batic case, the perturbations on
small scales do not all free stream
and damp expontially, but rather
the power spectrum of the source
perturbations at matter-radiation
equality will be imprinted on the
matter power spectrum. In simu-
lations we have observed that the
onset of the phase transition at
matter radiation equality further-
more injects power at the horizon
scale at that time, or about 100
Mpc scales[14].
In the defect scenario, the small
scale CMB experiments MAP
and Planck will not measure
the multiple oscillations expected
from adiabatic perturbations im-
printed before the big bang, as
predicted by inflation. Instead,
the degree scale anisotropies are
caused by the incoherent prop-
erties of global defects[2]. With-
out the oscillations, it will be very
difficult to reconstruct cosmologi-
cal parameters accurately. On the
other hand, this would be an ex-
citing measurement of fundamen-
tal physics and the history of sym-
metry breaking.
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